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Background and purpose - Cortical
atrophy and white matter changes are
common findings on magnetic resonance
imaging among elderly. Several visual scales
have been proposed to evaluate these
changes using neuroimaging. We have
recently proposed a scale (Modified Visual
Magnetic Resonance Rating Scale) recently
which allows us to evaluate atrophy, white
matter hyperintensities, basal ganglia and
infratentorial infarcts together. Our aim in
this study was to evaluate the interrater
reliability of magnetic resonance visual
assessment using this scale between two
neurologists and a radiologist.

Methods - Randomly selected 30 patients
in different ages who underwent brain
magnetic resonance imaging between
January 2014 and March 2015 were
included. Axial T1, coronal T2, and axial
FLAIR sequences were visually scored

by two neurologists and one radiologist
separately. Sulcal, ventricular and medial
temporal lobe atrophy, periventricular and
subcortical white matter hyperintensities,
basal ganglia and infratentorial infarcts
were graded according to our scale. The
interrater reliability and internal consistency
analysis were evaluated by using intraclass
correlation coefficient and Cronbach’s alpha
tests.

Results - The interrater agreements vary
between good to excellent. The interrater
correlations are moderate to excellent.
Interrater correlations were excellent
between two neurologists, especially

on ventricular atrophy, medial temporal

Az atrofiat és a fehérallomany-
valtozasokat értékelé6 maédositott
vizualis MRI-értékel6 skala interrater
megbizhatésaga

Kandemir Yilmaz M,, MD, MSc; Yalciner ZB,
MD; Tepe MS, MD

Hattér és cél - Kérgi atrdfia és fehérallo-
many-elvaltozasok idések esetén gyakran
talalhatok a magneses rezonancias képeken.
Szamos vizualis skalat javasoltak e valtozasok
idegi képalkotas segitségével torténd érté-
kelésére. Nemrégiben javasoltunk egy olyan
skalat (Modified Visual Magnetic Resonance
Rating Scale), ami lehetévé teszi az atrofia, a
fehérallomanyi hiperintenzitasok, a basalis
ganglionok és az infratentorialis infarktusok
egyUttes ertékelését. Ebben a vizsgalatban
az volt a célunk, hogy e skala segitségével két
neurologus és egy radioldgus bevonasaval
értékeljuk a magneses rezonancias képalko-
tas vizualis értékelésének interrater megbiz-
hatdsagat.

Médszerek - Véletlenszerlen kivalasztott
30 kulonbozd koru beteget vontunk be, akik
2014 januarja és 2015 marciusa kozott agyi
magneses rezonancias képalkoto vizsga-
laton estek at. Az axidlis T1-, a coronalis

T2- és az axialis FLAIR-szekvenciakat két
neuroldgus és egy radiolégus kulon-kalon
vizudlisan értékelte, pontozta. A sulcalis,

a kamrai és a medialis temporalis lebenyi
atréfiat, a periventricularis és a subcorticalis
fehérallomanyi hiperintenzitasokat, a ba-
-salis ganglionok és az infratentorialis rész
infarktusait a mi skalank szerint osztalyoztak.
Az interrater megbizhatdsagot és a belsd
konzisztencia elemzését az intraclass kor-
relaciés egyltthato és Cronbach-o-tesztek
segitségével értékeltlk.

Eredmények - Az értékel6k kozotti egyezés
a jo és a kivalo kozott valtozik. Az interrater
korrelaciok a kozepestdl a kivaldig terjed-
nek. A két neuroldgus kozott kivaldak
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atrophy, basal ganglia infarcts, infratentorial
infarcts. When assessing ventricular atrophy,
interrater correlations between individual
raters were higher than sulcal atrophy.

We found good correlations between
neurologists and radiologist, and excellent
correlations between the two neurologists
for medial temporal atrophy. We found
excellent interrater correlations between
neurologists and radiologist for white matter
hyperintensities.

Conclusion - Our scale is a reliable tool
assessing both atrophy and white matter
hyperintensities with a good interrater
reliability. Ventricular atrophy seems to

be a more reliable marker than sulcal
atrophy when assessing the atrophy on
neuroimaging of a patient with memory

voltak az interrater korrelaciok, kilénosen

a kamrai atrofia, a medialis temporalis
atrofia, a basalisganglion-infarktusok és az
infratentorialis infarktusok esetében. Kamrai
atrofia értékelésekor az egyes értékeldk ko-
z06tti interrater korrelaciok er8sebbek voltak,
mint sulcalis atréfia értékelésekor. J6 korrela-
Ciot taldltunk a neuroldgusok és a radioldgus
kozott, és kivald korrelaciot a két neuroldgus
kozott medialis temporalis atréfia esetében.
Kivald interrater korrelaciét talaltunk a neu-
rolégusok és a radioldgus kozott a fenérallo-
manyi hiperintenzitasok esetében.
Kovetkeztetés - Skalank megbizhat6 esz-
koz mind az atrdfia, mind a fehérallomanyi
hiperintenzitasok értékelésére, j¢ interrater
megbizhatésaggal. Ugy tlinik, hogy a kamrai
atrofia megbizhatobb marker, mint a sulcalis

decline. We think that the total score of the
scale will also guide us in clinical practice.

Keywords: cerebral atrophy, white matter
hyperintensities, magnetic resonance
imaging, visual grading scale, interrater

reliability

ulcal atrophy (SA), ventricular enlargement, and

white matter hyperintensities (WMH) are common
findings of magnetic resonance imaging (MRI) among
not only the elderly with dementia but also among
healthy subjects’ 2. MRI, fluid-attenuated inversion re-
covery (FLAIR) sequence, in particular, is more sensi-
tive in detecting WMH?* 4. We know that medial temporal
lobe atrophy (MTA) is a marker for Alzheimer’s Dis-
ease (AD)’. In addition, atrophy and WMH burden are
both associated with cognitive decline®’” and WMH also
causes late-life depression® °. Increased WMH burden
disrupts the connecting fibers causing network dysfunc-
tion'’. Vascular risk factors, especially hypertension, and
atrial fibrillation are important risk factors for atrophy
and WMH* ",

Various scales of similar characteristics have been
developed to evaluate atrophic changes and WMH for
clinical use"* 2. WMH, observed as focal or diffuse hy-
perintensities on T2 and FLAIR images, is often divided
into two categories: periventricular WMH (PWMH) and
subcortical WMH (SCWMH)". Enlargement of the sulci
and ventricles is used to evaluate atrophy'*. Basal gan-
glia and infratentorial hyperintensities are also assessed

atréfia, amikor a memaériacsokkenésben
szenvedd betegeknél atrofiat értékelink
idegi képalkotés segitségével. Ugy gondol-
juk, hogy a skala dsszpontszama a klinikai
gyakorlatban is irdanymutato lesz.

Kulcsszavak: agyi atréfia, fehérallomanyi
hiperintenzitasok, magneses rezonanci-
as képalkotas, vizualis osztalyozasi skala,
interrater megbizhatdsag

with visual scales®*. Fazekas scale is used mainly for
WMH* 5. Visual grading scales are based on the deter-
mination of changes in the cerebral tissue, and the atro-
phy and WMH" #1213 We have developed a scale called
“Modified Visual MR Rating Scale (MVMRS)” which
allows us to evaluate atrophy, WMH, basal ganglia, and
infratentorial infarcts altogether!®.

This study aims to evaluate the interrater reliability of
MRI visual assessment between two neurologists and a
radiologist using the MVMRS. The work was carried out
at Bayindir Icerenkoy Hospital, Department of Neuro-
logy, 34752 Atasehir/Istanbul.

Materials and methods

Randomly selected 30 patients of different ages who had
brain MRI scans between January 2014 and March 2015
were included in this study. MRI scans were selected
from the radiology department database. Those with ex-
tensive lesions suggestive of the cerebral vascular event
(ischemic or hemorrhagic), space-occupying lesions such
as tumors, lesions suggestive of demyelinating disease, or
encephalitis were excluded. No clinical background was
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Table 1. Details of the MVMRS®

Atrophy  Sulcal 0-9
Ventricular 0-9
MTAP Width of choroid fissure Width of temporal horn Height of hippocampal formation
0 N N N
1 1 N N
2 ) 1 l
3 mr " H
4 m "1 W
WMH¢ Periventricular Subcortical
0 - No lesion 0 - No lesion
1 - Caps 1 - <5 small focal and/or
2 -Thin line <2 large focal lesions
3 - Halo 2 - 5-12 small focal and/or
4- Irregular, extending to the 2-4 large focal lesions
deep white matter 3 ->12 small focal and/or >4
large focal or confluent lesions
4 - predominantly confluent
lesions
Infarcts  Basal ganglia Infratentorial
0 - No lesion 0 - No lesion
1 - Few lesions (1-3) 1 - Few lesions (1-3)
2 - Many lesions (>4) 2 - Many lesions (>4)
Other Tumor etc.

*MVMRS: modified visual magnetic resonance imaging rating scale, °"MTA: medial temporal lobe atrophy, “WMH:

white matter hyperintensities

given to the evaluators so that it would not influence their
decisions when evaluating the MRI. Only the MRI scans
with good image quality, including axial T1 (TR= 673
ms, TE= 12 ms, 3 mm or 5 mm slice thickness, 0.6 mm
gap), coronal T2 (TR= 6000 ms, TE= 90 ms, 3 mm or 5
mm slice thickness, 0.9 mm gap) and axial FLAIR (TR=
8000 ms, TE= 80 ms, 3 mm or 5 mm slice thickness,
0.6 mm gap) sequences were evaluated. All MRI scans
were performed with 1.5T Siemens Magnetom Avanto
(Germany). MRIs were visually scored separately by two
neurologists and one radiologist using the MVMRS.

SA and ventricular atrophy (VA) were graded in a
0-9 range on the axial T1 sequences, MTA was graded
in a 0—4 range on the coronal T2 sequences, PWMH and
SCWMH were graded in a 0—4 range on FLAIR sequenc-
es, basal ganglia infarcts (BGI) and infratentorial infarcts
(ITT) were graded in a 0-2 range on FLAIR sequences.
Details about the MVMRS can be seen in our previous
article'® and are given in Table 1.

The study was approved by the scientific, medical
ethics, and deontology board of Bayindir Hospital Ice-
renkoy and informed consent of all participants or their
relatives were received.

The statistical analyses were performed using the Sta-
tistical Package for Social Sciences for Windows 23.0.
Interrater reliability and internal consistency analyses
were performed by using intraclass correlation coeffi-
cient (ICC) and Cronbach’s alpha tests. In order to in-
vestigate the accuracy and validity of the parameters to
be measured as well as to understand the consistency,
reliability, and repeatability of the proposed scale scores,
bio-statistical approaches (specifically ICC) were applied
to the measurements. The Cronbach’s alpha scores ob-
tained via the reliability and validity analyses indicated
the success and internal consistency of the criteria pre-
sent in the scale. ICCs were designated as <0.40 poor to
a fair agreement, 0.41-0.60 moderate agreement, 0.61—
0.80 good agreement, and 0.81-1.00 excellent agree-
ment. Cronbach’s alpha designated as <0.5 unacceptable,
0.5-0.59 poor, 0.6-0.69 questionable, 0.7-0.79 accept-
able, 0.8-0.89 good, >0.9 excellent.

Results

The mean age of the patients was 67.13 (27-91 years).
There were 21 female (70%) and 9 male (30%) patients.
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Table 2. Mean and standard deviation scores of each rater for MVMRS® along with Cronbach’s a values across raters.

Parameters Rater 1 (Neurologist)  Rater 2 (Neurologist)  Rater 3 (Radiologist) Cronbach's
of the MVMRS MeanzSD MeanxSD MeanzSD a values
SAP 4.4+1.69 4.8+2.06 4.37+2.20 0.863

VA 3.17+1.76 2.87+1.98 3.93+2.21 0.975

MTAd 2+0.95 1.77+1.41 1.27+1.36 0.900
PWMHe 0.73+£1.02 0.63+1.13 0.8+0.89 0.940
SCWMHf 1.37+1.27 1.23+1.22 1.3+0.99 0.935

BGle 0.03+0.18 0.03+0.18 0.07+0.25 0.898

ITIn 0.2+0.48 0.13+0.35 0.17+0.46 0.933
Total score 11.90+5.38 11.4+6.31 11.90+6.86 0.971

*MVMRS: modified visual magnetic resonance imaging rating scale, °SA: sulcal atrophy, “VA: ventricular atrophy,
IMTA: medial temporal lobe atrophy, SPWMH: periventricular white matter hyperintensities, SCWMH: subcortical
white matter hyperintensities, 8BGI: basal ganglia infarcts, "Tl: infratentorial infarcts

The mean scores of the parameters of the
MVMRS per rater are given in Table 2.

Table 3. Interrater correlations of MVMRS?

In addition, standard deviations of the pa-  Parameters Rater 1 vs Rater 1 vs Rater 2 vs
rameters were consistent across the raters. _of the MVMRS  Rater 2 Rater 3 Rater 3
The Cronbach’s o values reflecting the  Sap 0.588 0.643 0.807
interrater agreement on the parameters of C

MVMRS varied from good to excellent. VA 0.956 0.931 0.936
The interrater correlations, provided in  MTAC 0.854 0.695 0.789
Table 3, were generally good to ex.cellent PWMHe 0.905 0.820 0.820
for the parameters of MVMRS with the

exception of 0.59 SA correlation between SCWMH' 0.874 0.815 0.825
Rater 1 and Rater 2, which may be due to  ggje 1 0.695 0.695
the different approaches of the two special-

ties. According to these results, the ICC I 0.865 0.927 0.721
values reflect interrater reliability and inter- ~ Total score 0.924 0.916 0.949

nal consistency. Neuroimaging examples
of SA, VA, MTA, PWMHSs, and SCWMHs
can be viewed in Figures 1. A, B and Fi-
gures 2. A, B.

Patients included in the study possessed
small or no lesions in the BG and ITI re-
gions in general. For these parameters, our
proposed scale applies 3-class stratifica-
tion in the range of 0-2. Accordingly, the mean values
obtained for each rater were consistently measured as
near-zero.

Discussion

It is a very challenging situation when a patient is ad-
mitted to an outpatient clinic with complaints of memory
decline, which is quite common especially among the
elderly. During the assessment of these patients, in addi-

aMVMRS: modified visual magnetic resonance imaging rating scale,
bSA: sulcal atrophy, VA: ventricular atrophy, “MTA: medial temporal
lobe atrophy, ePWMH: periventricular white matter hyperintensities,
'SCWMH: subcortical white matter hyperintensities, eBGl: basal ganglia
infarcts, "TlI: infratentorial infarcts

tion to the clinical findings and neuropsychological tests,
MRI findings can be used for guidance in determining
whether the condition is degenerative or not. We have
developed a practical visual MR rating scale - MVMRS
— to evaluate atrophy, white matter changes, and infarcts,
and found that our scale is a helpful tool in assessing the
degenerative process. In this study, we indicated that the
MVMRS is a reliable scale with good to excellent inter-
rater agreements. The results of ICC and Cronbach’s a
tests were found to be consistent.
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Figure 1. A. Axial T1 image of sample with the SA score 7. B. Axial T1

image of sample with the VA score 6

Figure 2. A. Coronal T2 image of sample with the MTA score 3.
B. FLAIR image of sample with the SCWMH score 3 and PVWMH score 2

The scale was evaluated by two neurologists and a ra-
diologist. Interrater correlations were excellent between
the two neurologists, especially on VA, MTA, PWMH,
SCWMH, BGI, ITI. When assessing VA, interrater cor-
relations between individual raters were higher than as-
sessing SA, and SA correlations were the lowest not just
between the two neurologists, but also between each neu-
rologist and the radiologist. According to these results,
we think that the evaluation of VA is more reliable in
assessing the atrophy because of the consensus between
the evaluators; furthermore, it also has high sensitivity
in detecting the neurodegenerative process. The slight
difference between the neurologists and the radiologist
in the assessment of cerebral atrophy was most likely
because of the following: when evaluating and scoring

cerebral atrophy, the radiologist focused on
the cerebral sulci prominence, whereas the
neurologists were particularly concerned
about the ventricular enlargement.

When evaluating the MTA, which has
high sensitivity and specificity in the iden-
tification of degenerative processes, we
found good correlations between the neu-
rologists and the radiologist, and excellent
correlations between the two neurologists'®.
Koikkalainen et al. also reported good cor-
relation coefficients between visual and
computed rating scales for global cortical
atrophy, but not as good as for MTA".

Most of the proposed scales make a
distinction between PWMH and SCWMH
without a clear definition for “small” areas
and some scales ignore the periventricular
thin lining*. It may cause some discrepan-
cies between raters. To increase the inter-
and intra-rater agreement, periventricular
and deep white matter changes are assessed
separately and calculated as numbers* .
Nevertheless, they found poor to reason-
able inter- and intra-rater agreements'>. We
tried to define them with numbers to be
more specific. We have shown high sensi-
tivity for PWMH and SCWMH with our
scale and found excellent interrater correla-
tions between the neurologists and the radi-
ologist'®. We also tried to be more specific
in the evaluation of the BGI and ITI, de-
fining a few or many with numbers. Good
inter- and intra-rater agreements have been
found for the BGI and ITI, which can also
be explained by a few infarcts in the areas
of interest'*. We found that interrater corre-
lation between the neurologists was excel-
lent, while it was only moderate between
the neurologists and the radiologist for basal ganglia in-
farcts and infratentorial infarcts. This is probably because
of the small sample size and the challenge in detecting
small hyperintensities and differentiating them from ar-
tifacts, calcifications, or vessels in the area of interest.

The total score indicates an excellent interrater cor-
relation between individual raters as well, pointing out a
high sensitivity of the scale in assessing the pathological
process'®.

While the small sample size is one of our limitations,
the age range of our sample is wide. The wide age range
allowed us to evaluate atrophy and WMHs of patients in
various age groups. Those with extensive lesions sug-
gestive of cerebral vascular event, space-occupying le-
sions, lesions suggestive of demyelinating disease, or
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encephalitis were not included in this study. Therefore,
there is a need for further research to evaluate their ef-
fects.

Conclusion

It is important to evaluate MRI findings with a practical
tool in daily clinical practice. Our scale seems to be sen-
sitive enough to detect WMH and atrophy with good in-
terrater reliability in all parameters. This study shows an
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